This paper explores the investments needed to achieve universal access to electricity in Sub-Saharan Africa by 2030, and the additional operation and maintenance costs these investments entail. It also explores the drivers of these costs, by exploring hundreds of scenarios that combine alternative assumptions on the level of service targeted, population growth, urbanization, industrial demand, and technology cost. The main driver of electrification costs is found to be the tier of service offered to newly connected households. The annual investment required to reach universal access varies between US$14.5 billion per year on average for the basic access scenarios (0.7 percent of the region's gross domestic product per year over the period) and US$22.7 billion on average for the high-quality scenarios (1 percent of gross domestic product). In the basic access scenario, costs depend mostly on industrial demand, which takes a large share of total demand. In the high-quality scenarios, costs depend on urbanization rates, as it is cheaper to connect urban households to the grid. Investment costs are not sufficient to provide reliable service, and when operations and maintenance are accounted for, total costs increase to US$39.7 billion on average for the basic scenarios and US$61.5 billion on average for the high-quality scenarios. 
Introduction Sustainable Development Goal 7, which aims at providing access to affordable, reliable, sustainable and modern energy for all by 2030, is still far away. In 2016, 13% of the world population was still living without electricity or a bit less than 1 billion of people, more than half of them living in SubSaharan Africa (United Nations, 2018) . Meeting SDG 7 will require a high level of investment in the coming years. The question of how much will be needed is of importance for developing countries but also for all development actors. Yet, there are multiple ways of reaching this goal in terms of pace, technology, and level of access, but also many uncertainties be it demography, costs, climate constraint or technology evolution. Hence the relevant question is less what the cost of meeting SDG 7 is and more what the drivers of this cost are and how decision makers can use these levers.
In this paper, we focus on Sub-Saharan Africa's (SSA) investment needs, as this region concentrates 14 of the 20 countries with the highest number of people without access to electricity (Figure 1) . Moreover, Sub-Saharan Africa is the only region where electrification has not kept up with population growth: 154 million more people in rural areas lacked access in 2014 than in 1991 and the number of people in urban areas without access rose from 58 million in 1991 to about 108 million in 2014 (SEforALL, 2018) .
Over recent years, several attempts have been made to estimate the investments required to reach universal access by 2030 (Pachauri et al. 2013; Dobbs et al 2011; IEA, UNDP, and UNIDO 2010) . One recent review underlines several limitations of these attempts, the main one being the lack of transparency on the underlying assumptions used in the estimation models (Bazilian et al. 2014 ). Other limitations include: (i) most studies focus on capital costs and do not consider variable costs; (ii) most models focus on generation, ignoring transmission and distribution; (iii) decentralized energy investments are often omitted; and (iv) the impacts of geography and population density on costs are typically ignored. To overcome some of these limitations, we use AIM (SE4ALL Access Investment Needs Model), a costing tool created to estimate country-level funding requirements (Jordan-Antoine et al. Forthcoming) and that includes all costs for both generation and transmission and distribution (capital, maintenance, variable, fuel) .
Future electricity demand in SSA countries is uncertain because of low access rates --and thus absence of data on past demand patterns -and because SSA countries cannot be compared with other countries having recently transitioned toward high access rates. In parallel, on the supply side, the emergence and recent improvements of new technologies could change the access landscape and allow for an increase of the electrification pace. Indeed, high learning rates and the corresponding falling costs of renewable energy technologies (RET) and batteries, together with new payment facilities, will modify the usual electrification channels. In addition, if the cost of capital was to increase, large capital-intensive power plants would be harder to finance and therefore less attractive than small-scale renewable solutions (Schmidt 2014) .
FIGURE 1 -ELECTRICITY ACCESS RATE 2016 ( SOURCE: (THE WORLD BANK 2018))
In order to assess how the different uncertainties on the demand side (demography, urbanization, pace of electrification, level/ quality of access) and on the supply side (costs, technology, discount rate) will impact the final cost of meeting SDG 7, we move away from traditional scenario development and use a multi-scenario approach. We calculate the cost of meeting SDG 7 across a large number of scenarios, which cover the full range of uncertainty for selected input parameters. We then identify the main drivers of this cost among all the uncertain input parameters using datamining techniques.
We find that future investment needs in the electricity sector in Sub-Saharan Africa range from 0.7% to 1% of GDP per year on average over the 2018-2030 period. The key determinant for this range is the tier of service offered to newly connected households.
Method

Model description
For this analysis, we use AIM (SE4ALL Access Investment Needs Model), a costing tool created to estimate country-level funding requirements for electricity access (Jordan-Antoine et al. Forthcoming) . The model estimates total system costs of electricity provision, allowing users to define scenarios up to 2030 for the level (tier) of access, as well as the type of system (grid, mini-grid or offgrid) used for rural and urban households. AIM is a relatively simple open-source Excel-based tool, intended to provide governments and other stakeholders with a first-order estimate of the investment requirements, and helping to test scenarios and develop appropriate national targets for electricity access and power generation mix.
AIM allows users to specify an electricity access scenario for a single country. Several elements must be defined:
• Base year access breakdown: For the base year (2015), the user specifies the fraction of the population (disaggregated by urban and rural categories) with access to on-grid, mini-grid, and offgrid systems.
• Access rates: For each year (2015, 2020, 2025, 2030) , the user specifies the fraction of the population (disaggregated by urban and rural categories) with access to electricity, across all tiers and all system types.
• Access type breakdown by tiers: For each access tier, for rural and urban households, the user specifies the system type breakdown between grid, mini-grid and off-grid. For this study, we chose to keep the reference scenario for this split for each country considered in the study (see Jordan-Antoine et al. Forthcoming).
• Split between access tiers for newly connected households: For each year (2020, 2025 and 2030) , the user specifies the fraction of newly connected households provided with tier 1, 2, 3, 4, or 5 supply. In this analysis we study 5 different policy choices regarding access tiers.
• Rate of progress from one tier to the next: For each 5-year period, for rural and urban households, the user has the option to shift a fraction of the connected households to the next tier. For this study, we considered that households with access would stay in their tier until 2030 and only changed the split between access tiers for newly connected households.
• Industrial and commercial demand: The user specifies industrial and commercial peak power demand in up to 10 subsectors for each year (2015, 2020, 2025, 2030) . Demand growth is modeled externally. In this study, industrial and commercial demand growth can take 5 different values. The multi-tier framework approach aims at measuring access to household electricity as a multistep improvement (as opposed to a binary metric) by reflecting several attributes of electricity supply that affect the user's experience, while being technology and fuel neutral. The approach attempts to provide insight into the types of policy reforms and project interventions that would drive higher levels of energy access to household electricity, along with facilitating monitoring and evaluation. The MTF has three distinct features:
The perspective of the user. If a household receives a service, the MTF identifies six key attributes that determine its "usability," namely: capacity, duration, quality/reliability, affordability, legality of service provision, and safety.
A tiered service classification. Each of the attributes is given the appropriate score and together classifies each household into a tier of service ranging from Tier 0 (no service) to Tier 5 (full service). While attaining Tier 5-the highest one-may be the ultimate objective, the MTF acknowledges the incremental benefits of advancing to higher-order tiers, leaving each country to set its access goal.
A technology-neutral approach. The MTF does not consider how services are provided; it only accounts for whether the benchmarks for each tier are met. This allows aggregation of different technologies with different service levels. (Bhatia and Angelou 2015) Region. For this paper, we are using a version of AIM that includes all Sub-Saharan African countries (48).
Source: Beyond Connection: Energy Access redefined
Technologies. Off-grid supply is split between solar and diesel gensets for all access tiers and varies per country but is constant over the time period.
On-grid supply is specified by setting the share of the peak capacity for each electricity generation technology (58 technologies are modeled) and for each 5-year period. The actual technology utilization is then computed using the grid demand data and a dispatch model.
Electricity trade. No trade is considered between the modeled countries.
On-grid demand. Composed of household, industrial and commercial demand. Household demand is driven by current household demand and by the demand of the new households getting access to the grid (Tier 3, 4 or 5). Using these inputs and data on average daily consumption and daily demand profiles for each category of consumer, the total peak demand and the amount of electricity to be generated is computed at the country level. Then, the total household on-grid demand is aggregated with the industrial and commercial demand to generate the total demand.
Off-grid and mini-grid demand. Directly driven by the demand scenarios (tier levels, demography) entered as inputs by the user.
Scenario database
Five policy choices were modeled, representing different ways of achieving universal access by 2030 across Sub-Saharan Africa. Four depict different paths to universal access (table 1): in the "High quality" consumption policy the government chooses to increase access mostly via the grid with a quality and level of service enabling productive use, while in the "Basic" and "Middle range" the goal is to provide a more basic electricity service to unserved households. BAU depicts a world where newly connected households benefit from the same tier mix as the already connected households in the country when the progressive choice is a scenario where all newly connected households end up at Tier 3 in 2030 but passing through tier 1 and tier 2 in the meantime (universal access is reached earlier but with low tier level). In the fifth policy choice case, "constant access," investments are made to maintain access and consumption at the current level for households-although they allow for growing industrial demand. These five policy choices were assessed under dozens of scenarios for each of the 48 countries, by varying five parameters: population growth, urbanization rate, industrial demand growth, technology cost evolution, and fuel price.
The fossil fuel price was defined for two levels (low and high) based on the World Bank Commodities Price forecast (World Bank, 2016, July) for the short term and World Energy Outlook 2015 (IEA (2015)) low oil price scenario and current policies scenario the long term. The renewable technology cost and performance outlooks were defined in three levers (low, reference and high) which are based on the projected learning rates from (NREL, 2016). (O'Neill et al. 2017) . The SSPs consist of five future pathways organized around challenges to climate change mitigation and adaptation. SSP1 is characterized by sustainability with low challenges to mitigation and adaptation. Population growth is low due to higher education and living standards, and GDP growth is high. SSP2 is called the "Middle of the road" scenario, in which it is assumed that historical trends also drive the future. SSP3 is characterized by regional rivalry with high challenges to mitigation and adaptation due to poor cooperation between countries and regions. This pathway has a high population growth but low GDP growth. The SSP4 pathway is characterized by inequality, where power becomes concentrated to a small elite, there are low challenges to mitigation but high challenges to adaptation. The population growth is expected to be intermediate whereas the GDP growth is low. The final pathway, SSP5, is characterized by fossil-fueled development where challenges to mitigation are high but challenges to adaptation are low. The economic growth is high coupled and with increasing living standards the population growth is low.
GDP, population and urbanization rates are projected at the country level for each of the SSPs.
The industrial demand has been calculated by applying the GDP growth rates to the base year industrial demand provided with the original AIM model. Results Combining all these assumptions leads to 750 scenarios, but to limit computation time a random sample of 300 scenarios are run and then analyzed along several cost dimensions (total cost, variable costs and maintenance costs) for the region as a whole but also at the country level.
The output variables analyzed are: total costs divided by GDP, capital investment requirements and variable and fixed costs. This cost breakdown is useful because even when total costs are similar, a different distribution between capital costs and variable costs can have very different implications for the utilities and governments.
For all these output variables, we identify the inputs that result in the largest variance in outputs.
Costs are primarily driven by policy choices The service tier targeted makes a significant difference in the cost of achieving universal access: the annual investment required for Sub-Saharan Africa by 2030 varies between US$14.5 billion, on average, for the basic scenario (representing 0.7 percent of the region's GDP per year over the period) and US$22.7 billion, on average, for the high-quality scenario (or 1 percent of GDP per year) (figure 3).
FIGURE 3 COST OF ACHIEVING UNIVERSAL ACCESS IN AFRICA DEPENDS ON THE SERVICE TIER TARGETED AVERAGE ANNUAL COST FOR CAPITAL INVESTMENT TO ACHIEVE UNIVERSAL ACCESS TO ELECTRICITY IN SUB-SAHARAN AFRICA BY 2030, BY TARGETED TIER OF SERVICE PROVISION
Note: Average annual regional costs are calculated over 2015-30 using a 6% discount rate.
These regional averages hide significant variations in cost burden across countries (figure 4). For some countries, reaching universal access by 2030 implies annual investment costs close to 2 percent of GDP per year (reaching 2.5 percent for Mozambique), even for the lowest-tier objective, while for others even the high-tier objective requires annual capital spending of just 0.5 percent of GDP (Angola, Botswana, and Gabon). These differences can be explained by a combination of factors, such as the initial access rate, population density, urbanization rate, income levels, and current structure of the energy system.
FIGURE 4 WITHIN AFRICA, THE FINANCIAL BURDEN OF REACHING UNIVERSAL ACCESS VARIES SIGNIFICANTLY AVERAGE ANNUAL COST OF CAPITAL INVESTMENT IN ELECTRIFICATION IN SUB-SAHARAN AFRICA, BY TARGETED TIER OF SERVICE PROVISION, 2015-30
Note: Each dot represents one Sub-Saharan Africa country. All uncertain parameters are set to "reference scenario" values. SSP = shared socioeconomic pathway. The graph is a "beeswarm" plot, which plots data points relative to a fixed reference axis (the x-axis) in a way that no two data points overlap, showing not only the range of values but also their distribution.
Furthermore, within-country differences are also large. It is cheaper and faster to connect people to the grid in urban areas, as little to no extension of transmission lines is needed. As a consequence, access rates are much higher in cities than in rural areas; the Democratic Republic of Congo is an extreme example, with a 42 percent access rate in urban areas and 0.2 percent in rural areas (Ministère du Plan and Ministere de la Santé Publique 2014).
As expected, the high-quality consumption scenario based on grid connection is particularly sensitive to the rate of urbanization, with faster urbanization significantly reducing investment costs. Figure 5 represents the breakdown between generation costs and transmission and distribution (T&D) costs, by demographic scenario, for the whole sub-continent. In the lower left corner of figure 5 (low generation and T&D costs), we find the scenarios with high urbanization and low population (SSP 1 and 5) while in the upper right corner (high generation and T&D costs) are the scenarios with low urbanization and high population growth. Scenarios with high urbanization and medium population growth end up in the middle, with slightly higher growth for generation investment costs than T&D costs because the additional population is mostly in densely populated areas.
FIGURE 5 FOR THE "HIGH QUALITY" ACCESS SCENARIOS, DEMOGRAPHY DRIVES TOTAL COSTS AVERAGE ANNUAL TOTAL GENERATION COSTS VS T&D COSTS FOR HIGH QUALITY ACCESS SCENARIOS IN SUB-SAHARAN AFRICA, BY DEMOGRAPHY SCENARIO, 2015-30
The costs of basic access scenarios, on the other hand, are mostly driven by industrial demand growth, followed by fuel cost (figure 6). In basic access scenarios, household demand for power is low so the relative share of industrial demand is high compared to other scenarios, thus industrial demand drives the total cost.
FIGURE 6 FOR THE BASIC ACCESS SCENARIOS, INDUSTRIAL DEMAND THEN FUEL COSTS DRIVE TOTAL COSTS AVERAGE ANNUAL TOTAL GENERATION COSTS VS T&D COSTS FOR BASIC ACCESS SCENARIOS IN SUB-SAHARAN AFRICA, BY INDUSTRIAL DEMAND GROWTH SCENARIO (LEFT) AND FUEL COST SCENARIO (RIGHT), 2015-30
To summarize, electrification costs are primarily driven by policy makers' choice on the level of service they want to provide to newly connected households. If they choose to provide low-tier access using decentralized technologies in rural areas, electrification costs will be lower and will eventually be driven by industrial demand. On the other hand, if they choose to provide high-tier access by connecting every household to the grid, electrification costs will be high and will be driven by urbanization, as electrification is less expensive in urban areas.
The low cost scenarios, with access to the lower service tiers in the short term, could be a good solution for many countries in which there are demand-side constraints and low willingness to pay from consumers. Investing in on-grid generation, extending the gid and connecting new households is quite expensive and oftentimes, utilities bear some or even all the costs. When new customers are not able to afford the connection cost and end up comsuming very little power, this can be quite harmful for the utility finances. Between 2010 and 2016, KPLC, the Kenyan utility, connected around 3 million new households. But these new customers are only consuming one-fifth of what domestic customers were consuming in 2010. Hence, KPLC revenues per customer are decreasing while the utility needs to invest to expand its power infrastructure (KPLC 2016) . Hence in those situations, electrification could be adapted to the socieconomic conditions of the countries or regions targeted, and it would be more affordable for the government and the consumers. This does not mean that newly connected households would remain with low-tier access in the long run; rather, where appropriate, electrification could begin by delivering low levels of consumption using tailored technological solutions and upgrading service quality over time, rather than aiming to connect the whole population to the grid immediately.
Such an approach could help achieve the SDG for energy access at a lower cost and provide more reliable electricity, given the demand-side constraints described in the previous paragraph.
Supply-side uncertainty
New technologies and business models on the supply side could also help to tailor the electrification process to the population's needs and resources.
Between 2000 and 2012, 70 percent of the 1.2 billion people who gained access to electricity did so with power generated from fossil fuels, mostly through grid connection (IEA 2017). But over 2012-15, the energy access landscape has transformed: lower prices of renewables, efficient end-user appliances, and new business models to finance access have led to an emergence of off-grid and mini-grid solutions. Decentralized renewables have been the source of 6 percent of new electricity access, and this share is expected to grow rapidly (figure 7).
FIGURE 7 AN INCREASING SHARE OF PERSONS GAINING ACCESS TO ELECTRICITY USE LOW-CARBON OPTIONS ANNUAL NUMBER OF PEOPLE WORLDWIDE GAINING ACCESS TO ELECTRICITY, BY TYPE OF FUEL, 2000-15
Source: IEA 2017 Note: "Other low-carbon" includes wind, geothermal, nuclear, bioenergy, concentrated solar power, marine, and waste.
As the number of technologies and solutions for access increases, so does supply-side uncertainty. Indeed, different access scenarios will best be satisfied by different mixes of technology (figure 8). In particular, off-grid technologies are typically the most cost-effective way to serve households far from the grid and with low consumption. These different mixes of technology imply different cost structures that directly affect investment and total cost estimates.
FIGURE 8 THE OPTIMAL MIX OF TECHNOLOGY VARIES WITH THE LEVEL OF ELECTRICITY SERVICE OPTIMAL MIX OF TECHNOLOGY FOR THE POWER SECTOR IN SUB-SAHARAN AFRICA, BY TARGETED TIER OF SERVICE PROVISION, 2015-30
In the Sub-Saharan Africa study, assumptions are made regarding which type of connection (on-grid, off-grid, or mini-grid) and technology is used to meet each service tier. These assumptions are country-specific and do not evolve over time (a limitation of this exercise). Yet, if prices for off-grid systems were to drop significantly or improved technology were to allow off-grid systems to provide enough power for productive uses, their diffusion could accelerate. For example, (Longe et al. 2017) found that a renewable-energy-source hybrid micro-grid solution can be a viable option for electrifying far-from-the-grid unelectrified areas of the Eastern Cape province of South Africa. Even though off-grid is generally a private investment and on-grid a public one, governments can still play a role in scaling up off-grid solutions by improving the business environment and enforcing clear regulations.
These new solutions can alleviate some of the supply-side constraints that contribute to the electricity access gap. New smart-grid technologies can also improve the availability and reliability of service-a challenge in many low and middle income countries (LMICs).
The Burden of High Variable Costs: A Challenge in Africa The question of universal access cannot be restricted to capital investment needs; it has to encompass improvement of the existing service, maintenance of future infrastructure, and the financial implications of today's investment choices for tomorrow's variable costs. Currently, in most Sub-Saharan African countries, less than one-third of firms report having reliable access to electricity. While on the household side, in 2014 more than 50 percent of connected households in Liberia reported that they never have power, as did around 30 percent in Sierra Leone and Uganda (M. Blimpo and Cosgrove-Davies 2018) .
Variable costs play an important role in the poor quality and reliability of service experienced in many countries. Because fossil-fuel plants still produce most of the world's power, variable and fuel costs weigh heavily in the overall cost structure of the power sector. These recurrent costs can be a burden for LMICs that do not necessarily have the capacity to cover them, leading to heavily indebted utilities or a degraded level of service (or both). In Sub-Saharan Africa, recurrent costs represent two-thirds of the average annual costs of the power sector (figure 9). But once again, differences between countries are quite high (figure 10). For some countries, the total cost of achieving universal access would represent more than 10 percent of GDP for the low-consumption scenario ("basic") , reaching up to 30 percent and 40 percent of GDP, respectively, for Eritrea and Liberia in the high-consumption scenario. For both countries, most of the energy is produced using diesel generators, which explains the very high variable costs. To Maintain or Not to Maintain? That Should Not Be a Question Maintenance is an often-forgotten component of the power sector industry in LMICs. In some countries, up to half of the installed capacity is unable to operate because of a lack of maintenance. In Madagascar, only 295 megawatts of the 500 megawatts of installed capacity were operating in 2017, while in the Democratic Republic of Congo, 29 percent of hydropower plants and 57 percent of thermal plants were not operational in 2018. The situation is even worse in Benin, the Comoros, Guinea-Bissau, and Sierra Leone, where less than 20 percent of installed generation capacity is used (United Nations 2015).
FIGURE 9 HIGH VARIABLE COSTS ARE
FIGURE 10 ELECTRIFICATION COSTS ARE MUCH HIGHER IF THE TOTAL COST OF SERVICE IS
On the transmission and distribution side, regular maintenance improves reliability. Cutting the vegetation around distribution lines and maintaining distribution poles help to avoid outages. Maintenance in cities includes regularly checking the distribution network to detect illegal connections and limit power theft. Maintenance also helps to prevent idle capacity, lengthens the life of power plants, and ensures that the plant's initial performance is sustained throughout its operational life.
For Sub-Saharan Africa, maintenance costs are expected to run to between US$2.5 billion and US$3.6 billion per year, on average, over the 2015-30 period, on top of the US$14.5 billion to US$23 billion needed for capital costs (figure 11).
FIGURE 11 AFRICA FACES HIGH ANNUAL FIXED OPERATIONS AND MAINTENANCE COSTS AVERAGE ANNUAL FIXED COSTS OF OPERATION AND MAINTENANCE FOR ELECTRICITY IN SUB-SAHARAN AFRICA, BY TARGETED TIER OF SERVICE PROVISION, 2015-30
Thus, the pace of expansion must be balanced with the need to manage the existing network and maintain service levels. Failure to do so will reduce the value to existing customers and discourage others from taking up the service. Timely connection of new customers should occur when the electricity service is good enough to have a real impact on development.
Without taking maintenance costs into account, there is a high risk of ending up in a situation similar to the one identified by Gertler et al. (2017) for some African cities, where the nominal access rate masks poor effective access (figure 12). Across a sample of 25 Sub-Saharan cities, most of which have close to a 100 percent nominal access rate, more than a quarter have a "reliable access rate" below 50 percent-where reliable access is defined as the proportion of connected households with an electricity connection that works "most of the time" or "all of the time." Lagos is the most egregious case, with a nominal access rate of 100 percent, but a reliable access rate of around 10 percent.
FIGURE 12 HIGH NOMINAL ACCESS CAN MASK LOW RELIABLE ACCESS TO ELECTRICITY IN MAJOR AFRICAN CITIES ACCESS TO AND RELIABILITY OF ELECTRICITY IN MAJOR CITIES IN SUB-SAHARAN AFRICA
Source: (Gertler, Lee, and Mobarak 2017) .
Note: Electricity access is defined as the % of households located in areas with electricity lines nearby. Reliable connection is defined as the % of connected households with an electricity connection that works "most of the time" or "all of the time."
Improved reliability not only increases the impact of electrification but also improves uptake, as recent studies demonstrate (Chakravorty, Pelli, and Ural Marchand 2014; Samad and Zhang 2016) . In addition, the provision of quality infrastructure services (such as reliable electricity) generates economic activities that can be tapped for tax revenues. estimate that African countries could increase total tax revenues more than 4 percent solely by resolving issues related to electricity shortages.
Conclusion
In this work we explore the cost drivers of meeting SDG7 on universal electricity access by exploring hundreds of scenarios with a costing tool. The analysis shows that what drives the investment cost for universal electrification is the tier of service offered to newly connected households, in other words, the quantity of electricity that they can access. Governments may choose to first offer basic service to newly connected households (such as enough to power a few lamp bulbs a few hours a day and charge a phone) or instead to immediately offer high quality service (such as enough to reliably power high consumption appliances). The annual investment required to reach universal access by 2030 in Sub-Saharan Africa varies from $45 billion to $49 billion (or 0.9 percent of the concerned countries' GDP) for the strategy with basic service to $53 billion to $58 billion (or 1.1 percent of GDP) for the high service strategy.. Importantly, those strategies would also have different impacts on consumer uptake in poor areas. Providing access via lower tiers of service may help tackle demand-side constraints such as low willingness or ability to pay from consumers. A recent World Bank study estimates that in Africa, demand-side constraints account for some 40 percent of the access deficit. Adapting the electrification offer to the socio-economic situation of the households or regions targeted could help reduce these demand-side constraints. Newly connected households need not stay in low tiers in the long run. However, the electrification pathway could begin with tailored technological solutions instead of directly aiming at connecting the whole population to the grid. This may also be the only affordable way forward for a number of countries. The emergence of new technologies and business models for mini-grid and off-grid electrification should help reduce costs and facilitate the journey towards universal access.
